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METABOLIC CHANGES INDUCED IN RATS BY FEEDING
DIFFERENT LEVELS OF GALACTOSE
WITH TWO LEVELS OF CORN OIL
Carolyn Quails Sharp
Home Economics Department of Nutrition
University of Arkansas
Several studies have shown that galactose is inadequate as the
sole source of dietary carbohydrate for weanling rats. Toxicity symptoms of galactose ingestion include reduced growth rate or weight loss,
cataracts, edema, polyuria, and polydipsia.
Research indicates that
dietary fat is helpful in alleviating galactose toxicity symptoms.
The purpose of this experiment was to determine the effects of
feeding to weanling rats diets containing high and low levels of corn
oil with different levels of galactose.
Metabolic adaptations induced
by feeding these diets were compared by measurement of (1) growth
and food efficiency ratios, (2) activities of Glucose-6-phosphatase
and
fructose- 1 ,6-diphosphatase
enzyme systems, (3) levels of total lipid,
glycogen, phospholipid, cholesterol, and nitrogen in the liver, (4) the
concentration of cholesterol in serum and (5) total cholesterol in
epididymal fat pads.

Thirty-six male weanling rats, weighing approximately 46 g each
initially, were divided into 6 groups. The rats were fed nutritionally
adequate diets, the only variables being the amount of galactose and
the level of dietary fat. Groups I and II were fed diets which contained
glucose as the only carbohydrate.
The diet for Group I contained 5%
of fat while the diet for Group IIcontained 25% of fat. Group IIIwas
fed galactose with 5% of fat and Group IV received galactose with
25% of fat. The ration for Group V contained half glucose and half
galactose as the carbohydrate and 5% of fat. Group VI was fed the
same carbohydrate combination with 25% of fat.
These growth curves indicate that growth was slowest when the
diet contained galactose as the only carbohydrate, and a low level of
dietary fat. This experiment was planned originally to cover a three
week feeding period. However, 3 rats in Group III died during the
second week, and the experiment was terminated at the end of that
week. During the last 24-36 hours of life, the rats in Group IIItrembled
and appeared very weak. Fur around the head, neck, and abdomen
became wet and matted. Autopsy of the rats which died revealed that
their body cavities were filled with fluid, and ceca were greatly
enlarged.
When the remaining rats in Group IIIwere sacrificed, it was
found that their bladders were greatly distended, but no fluid was
present in the body cavity.
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Figure 1. Growth curves for rats fed different levels of galactose with
5 and with 25% of corn oil for two weeks.
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51 CO
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Food Efficiency Ratio

Food Intake
(g)

51 CO

153 + 33

0.51 ? 0.01

155

0.52

?

3

?

0.01

0.28 + 0.03

70+6
156+4

0.46

?

0.01

V

25t CO
G-Gal + 51 CO

164+4

0.40

?

0.01

VI

G-Gal + 251 CO

150+5

0.52

?

0.02

?

Table 1. Food intake and food efficiency of rats fed different levels of
galactose with 5 and with 25% of corn oil.
'Groups

I, II, IV, V, VI

—6

rats/group.

—3

Group III

rats/group

unless
otherwise indicated.
— glucose,
— galactose, CO — Corn oil.
2G
Gal
3
Standard error of the mean.
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Changes in food intake produced by increasing the proportion of
fat were significant only in groups fed galactose as the only carbohydrate. Rats consumed more food when galactose was fed with 25%
of fat than when it was fed with 5% of fat. Although all rats fed
diets containing 25% of fat grew well, rats consuming galactose and
25% of CO (Group IV) utilized their food much less efficiently than did
either of the other two groups fed 25% of fat.

The absence of cataract formation during this dietary period was
likely due to the relatively short feeding trial. Fourteen to 18 days are
generally required for cataract development. How galactose accelerates
the formation of cataracts, and the reasons why cataracts develop in
diabetes, are still vague and uncertain; but there is some indication that
lipid metabolism may be involved.
Substituting galactose for glucose in the diet reduces the directly
available glucose and the animal must synthesize glucose by epimerization of galactose.
The final metabolic reaction involved in the maintenance of normal blood glucose levels is hydrolysis of glucoses-phosAn
phate to glucose by the enzyme glucose-6-phosphatase
(G-6-Pase).
increase in the activity of this enzyme in the liver could indicate a
metabolic adaptation to a reduced supply of dietary glucose. Some
investigators have observed that substitution of protein, fat, galactose
or fructose for a direct source of glucose caused an increase in total

Figure 2. Total enzyme activity (units activity/ 100 g body weight) of
rats fed diets containing different levels of |galactose with 5
and with 25% of corn oil for two weeks.
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activity of G-6-Pase in the liver. A similar increase in activity was
observed in this experiment when rats consumed diets low in fat and
high in galactose.
However, the mixture of glucose and galactose with
5% of CO caused a reduction in activity. Even though galactose
provided an indirect source of glucose, the mixture of glucose and
galactose maintained a lower level of G-6-Pase activity than did glucose
alone.

Percent of glycogen in the liver was altered by both the level of
fat and type of carbohydrate in the diet (Table 2). Increasing the fat
content from 5 to 25% in diets containing either gluoose or the glucosegalactose mixture resulted in reduction of liver glycogen.
Table 2. Liver composition of rats fed different levels of galactose with
5 and with 25% of corn oil.
Group

dycogen

Diet

(* of liver)

5.96 + 0.46 2

I G1 ? 51 CD
II

G + 25% CO

3.38 ± 0.28

III Gal + 5% 00
IV Gal + 25* CO
V
G-Gal + 51 CO
VI

—

1.19 t 0.23
2.93

G-Gal ? 25* CO

?

0.06

6.12 + 0.61
3.16 + 0.39

—

'G
glucose. Gal
galactose, CO
2Standard error of the mean.

Lipid

Protein

(I of liver)

(I of liver)

3.69 ± 0.08
5.23 + 0.20

16.47 + 0.21
17.44

?

3.91 + 0.12
5.72 + 0.10

19.27

+

3.51
5.12

* 0.13
+

— Corn

0.18

0.36

0.43
18.03 + 0.13
16.40 + 0.38
17.86 + 0.51

oil.

Fatty acid synthesis has been found to be highly dependent upon
the percent of fat in the diet. An increase in dietary fat is followed
by a decrease in fatty acid synthesis.
In this study, the percent of
lipid was directly related to the level of dietary fat in all groups and
Increasing
was not affected significantly by the type of carbohydrate.
the fat content of the diets also caused a slight elevation in liver protein
when either glucose or the glucose-ga lactose mixture was fed.
Serum cholesterol levels were directly related to the percent of diefat when glucose was the sole carbohydrate. (Table 3). However,
feeding a mixture of glucose and galactose with 25% of fat caused a
decrease in serum colesterol below that observed when 5% of fat was
fed. With the low level of fat, the glucose-galactose mixture gave highly
significant increases in cholesterol over that of the glucose controls.
Serum cholesterol of rats in Group III was not analyzed because of
insufficient amounts of serum for the determinations.
tary
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Table

Diet

Group

I
II

Serum cholesterol level and fat pad size of rats fed diets
containing different levels of galactose with 5 and with 25%
of corn oil.

3.

Serum Cholesterol
(mg/100 ml serum)
127 ? 52

G 1 ? 5% CD
G

?

III

Gal

?

5% CD

IV

Gal

?

251 CO

(mg)

633

?

14

628

?

28

281

?

49

188 ± 11

25

176 * 12

25% CO

Fat Pad Wet Weight

505

?

V

G-Gal

?

5* CD

221

?

20

556

?

27

VI

G-Gal

?

25% CO

158

± 15

543

?

43

'G

— glucose,

2Standard

—

Gal
galactose,
error of the mean.

CO

— corn

oil.

One investigator reported that lactose-fed rats had less body fat
than did rats fed glucose diets, but that rats fed a ration containing
equal portions of glucose and galactose had as much carcass fat as did
rats fed glucose.
Since lactose is composed of equal parts of glucose
and galactose, it would seem that the galactose portion of lactose is
not the causative factor in reduction of carcass fat. In this experiment,
carcass fat was not measured. However, epididymal fat pads (mg/100
g body weight) were smaller in rats fed galactose and 5% of CO than
in rats fed either galactose and 25% of CO or glucose and 5% of CO.
The smaller fat pads of rats fed galactose and low fat would appear
to be due to caloric insufficiency of the diet. But the fact that rats
consuming galactose and high levels of fat had smaller fat pads than
rats fed glucose and a high level of fat would seem to suggest that
there is some relationship between source of carbohydrate and size of
fat pad.

Although adipose tissue is probably the major site of fatty acid
synthesis, liver is also an important site of fatty acid synthesis.
In
addition, liver exerts a great deal of influence on the availability of
fatty acids to the other tissues by regulating transport of fatty acids
out of the liver. The formation of lipoproteins is necessary for lipid
transport. In starvation, protein acceptors become saturated, and transport out of the liver slows down or stops. Much evidence has accumulated to support the conclusion that lipogenesis is influenced by the rate
of glucose catabolism. As research continues, itis becoming increasingly
apparent that fatty acid synthesis and oxidation and cholesterol synthesis are all affected by carbohydrate metabolism, although the mechanism(s) remain obscure.
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